The quantification of illicit drug and pharmaceutical residues in sewage has been shown to be a valuable tool 7 that complements existing approaches in monitoring the patterns and trends of drug use. The present work 8 delineates the development of a novel analytical tool and dynamic workflow for the analysis of a wide range of 9 substances in sewage-based samples. The validated method can simultaneously quantify 51 target psychoactive 10 substances and pharmaceuticals in sewage-based samples using an off-line automated solid phase extraction
Introduction 29
The illicit use of psychoactive substances is a worldwide phenomenon with incalculable consequences on 30 society. Estimates from 2012, indicate that between the 4 and 7 % of the world´s population has used an illicit 31 substance at least once during the previous year [1] . Even though the overall European drug situation is 32 generally stable, a graduated and complex situation is emerging [2] . Classic drugs, such as heroin, cocaine and 33 cannabis remain dominant but the drug market is now peppered with a vast array of synthetic psychoactive 
64
Since the NPS market is in constant flux, new strategies are urgently required. New analytical methods based 65 on QqQ for the target analysis of NPS are continuously being published [24, 25] but in general these techniques 66 cannot keep up with the rapidly evolving NPS market making necessary the development of new approaches 67 that combine target analysis with wide-scope suspect screening capable of confirming the presence/absence of 68 a new compounds with quantification should reference standards be available [27] . This challenge can be 69 overcome by using a suspect screening approach that has already been demonstrated as a suitable technique for 70 the detection and confirmation of several organic compounds [27] , including NPS [23, 28] . The simultaneous 71 determination of a broad number of compounds in one injection, with a corresponding reduction of time and 72 costs, without the need for reference standards make this approach one of the current trends in environmental 73 analytical chemistry.
74
The aim of the presented work was to establish a broad analytical tool for the analysis of different types of 
Materials and methods 86
Detailed information relating to reagents and chemicals (illicit drugs, pharmaceuticals and metabolite reference 87 substances), the sewage-based samples and extraction procedure can be found in the Supplementary
88
Information (SI). 
98
Defrosted sewage samples (100 mL) were spiked with a mix of 25 isotope labeled internal standards (ILIS) to
99
give a concentration of 400 ng L -1 . The pH was controlled but generally was the desired (~7). Subsequently,
100
extraction was performed using a SPE-DEX fully automatable extraction system (Horizon Technology, Salem,
101
NH, USA) using HLB (Hydrophilic-Lipophilic Balance) extraction disks (47 mm, I.D.; Horizon Technology,
102
City, Country) (more information in SI and Table S-1).
103
The selection of the Oasis HLB extraction sorbent was based on previous experience. Oasis HLB and MCX
104
generally yield the highest recoveries for most of the drugs and pharmaceuticals [5, 18] 
137
The mass spectrometer was calibrated using a solution of sodium formate over a mass range of 50-1000 Da.
138
Analyses were performed using an external reference (Lock-Spray™). During the data acquisition the mass
139
was corrected using an external reference (Lock-Spray™) consisting of 0.2 µg mL -1 solution of leucine-
140
enkephalin infused continuously at 10 µL min -1 via a lockspray interface. The lock mass data were acquired 141 every 20 seconds for 0.1 seconds and for the rest of the time the baffle in the ion source blocked the entry of 142 the lock spry. This generated a reference ion in positive mode at m/z 556.2771 that was used for real-time mass
143
corrections in order to maintain the mass accuracy and reproducibility. 
145
The workflow and identification confidence used in this work were based upon those described by Krauss et al.
146
[32] and Schymanski et al.
[33] (Figure 3 ).
147
The MSe data processing using the UNIFI screening platform (Waters Corporation, Milford MA, USA) was 148 performed in two steps. Firstly, all the continuum data was peak detected using a 3D peak algorithm based on 149 the calculation of the peak volumes by the detection of all the ion crests in a given mountain range. This
150
provides a complete list of retention-time / m/z-pairs which are then used for screening. The second step which 151 follows peak detection is the screening protocol where Unifi matches the observed m/z retention-time pairs against the scientific database using defined settings such as the retention time accuracy (2. 
168
While the current study used a screening database developed around a commercially product, and manually
169
augmented with 16 NPS, suspect screening may also be performed using other public databases (e.g. 
193
The theoretical limit of quantification (LOQTHE) for real samples was calculated based on the ratio between the concentration on the analysis is a crucial factor but simply controlled with a pre-concentration factor study [36] .
202
For analytes where deuterated standards were unavailable, either the deuterated analyte with similar structure,
203
polarity or the closest retention time was selected for correction.
204
Precision was expressed as the repeatability of the method in terms of relative standard deviation and trueness
205
was tested by means of the absolute recovery due to the lack of quality control standards. 
224
was also found to result in analyte losses, therefore special attention was paid to the drying of extracts . Figure   225 S-2 shows poor recoveries for some of the phenethylamines following nitrogen evaporation at 50°C. All 
233
dehydronorketamine (53%), methoxetamine (40%) and methylphenidate (50%) showed lower recoveries.
234
Relative recoveries at 100 ng L -1 are in general slightly lower due their proximity to the LOQTHE, however in 235 general the recoveries do not substantially differ between the low and high concentration. The overall method 236 precision was calculated as the relative standard deviation (RSD) due to the lack of reference materials for the 237 wastewater samples, and showed satisfactory results <20% RSD for all compounds.
238
Paracetamol and hydroxycotinine were detected at high concentrations in the blank (low ppb) making 239 subtraction and the recovery calculation not possible for paracetamol, and less precise for hydroxycotinine
240
(highest RSD). Carbamazepine also exhibits ionization issues in terms of signal enhancement with recoveries 241 slightly higher than 100% while other compounds with high signal suppression were gabapentin, p- 
258
Different ranges were applied for every compound according to sensitivity. Instrumental LOQ was calculated
259
as the signal-to-noise (S/N) ratio of 10 for the standard in the calibration curve at the lowest concentration.
260
Instrumental accuracy and precision, both for intra-and inter-day, was assessed at two different concentration 261 levels for each compound showing an satisfactory accuracy levels between 87.8-113.1 % range and precision
262
<12.8 % (RSD).
263
The theoretical limits of quantification (LOQTHE , Table S 
268
The instrumental performance was also evaluated in terms of the intra-day (repeatability) and inter-day 
286
The accurate mass signal was compared with the accurate mass signal of the deuterated internal standards in 287 solvent. A loading volume of 100 mL was found to give the most satisfactory compromise for the analysis with 
297
The stability of the analytes in wastewater was investigated to ensure the use of appropriate sample-storage and 298 handling procedures. The study was configured to estimate the degradation of our target compounds during the 299 in-pipe transit time for a single wastewater sample.
300 
326
The heroin metabolites, 6-MAM and morphine, were detected in samples from both locations but it is 327 important to remember that while 6-MAM is specific to heroin, the presence of morphine in wastewater also 
361
screening The 51 compounds were selected as described above, however as shown in 
366
The continuum data for the three-music festival samples were peak detected using the processing settings 
379
In order to augment the suspect database used in this study, a non-target approach was used to net purchased 
388
A common fragment approach was used also used as a complementary tool for the identification and 
396
A high confidence multi-residue method using auto-SPE-UHPLC-QTOF for the determination of 51 drugs, 397 pharmaceuticals and metabolites was validated and applied to different sewage-base samples. Meanwhile, this 398 analytical procedure is also intended to fulfill the analytical challenge of the detection and reliable
399
identification of NPS appearing in the market through the application of a suspect screening approach 400 augmented by a reiterative process intended to both update the target multi-residue method, and the suspect 401 screening list.
402
The selection of HLB as an extraction sorbent and C18 as the chromatography column provides a broad and 
410
The described reiterative and dynamic workflow has been designed in order to constantly update the screening 
415
screening is an additional avenue of the described workflow which can enhance the potential of the approach.
416
The Nine influent wastewater composite samples were collected during three consecutive weekends from VEAS sewage treatment plant, Oslo Norway, in February 2014. An ISCO Avalanche Portable Refrigerated Sampler (Lincoln, NE, USA) was used to collect the composite samples (50 mL, time proportional) every 30 minutes for the duration of the sampling period. Maximum storage time for the daily composite samples was 3 days at 0.5ºC in polypropylene bottles. The composite samples were transported every Monday in cooler bags and stored at -20 ºC until analysis to minimize the degradation of the analytes. The catchment area of VEAS is comprised of 63% of the Oslo population, around 600,000 inhabitants. The total length of the tunnel is 42.3 km and the mean residence time in the sewer system is 5 hours (VEAS annual report 13'). The mean influent flow rate for each weekend was 600,820, 775,327, and 410,970 m3/day, which is higher that the annual mean (273,196 m3 day-1 in 2013) and was due to increased precipitation during the sampling campaign.
Six influent 24-hour composite wastewater samples were collected during February, March and April of 2014 in two different sewage treatment plant located in Trondheim (Norway). Ladehammeren and Høvringen WWTPs treat the sewage from the city with an estimated population of 180,000 inhabitants. Samples were received frozen and analysed upon reception in the laboratory. Mean influent flow rates are described in the results section.
The robustness of this work was also examined with the analysis of different sewage-based samples. The "Pharmaceuticals" version of the POCIS was made up of Oasis HLB sandwiched between polyethersulphone membranes as described in literature 1 . POCIS were deployed in the sedimentation overflow channel at VEAS, the Oslo WWTP, for two weeks. The study and collection of the pooled urine samples was conducted in Norway during the course of three different music festivals. Portable toilets were available to be used by the festival participants anonymously and no data on the number of users was collected.
Extraction procedure
The HLB extraction disks were conditioned by washing and rinsing with methanol (10 mL) and water (10 mL). Samples were automatically loaded and filtered (Fast Flow Pre-Filters, Horizon Technology) onto the disks at a flow rate of 100 mL min-1, and then the disks were washed 4 times with 5% methanol in water and dried under vacuum for 10 minutes.
Then the samples were loaded directly onto the disk from the sample bottle and prior elution, the disk is air-dried under vacuum providing a shorter operational time. The analytes were finally eluted into a silanised glass vial with 2 cycles of 5% ammonium hydroxide in methanol and 2 cycles of 5% acetic acid in methanol. The total program time was approximately 25 minutes. In general this system is more simple, reproducible and cost-effective than the SPE cartridges.
The final extracts were evaporated to around 100 µL under a gentle nitrogen stream at 35 ºC and reconstructed in 400 µL of 25% methanol aqueous solution. An aliquot was centrifuged and then 5 µL were injected into the UHPLC-QTOF. The general procedure is also described in the Table S-1.
The "Pharmaceuticals" version of the POCIS were deployed in the wastewater treatment plant and subsequently the sorbent was removed and introduced in an empty SPE cartridge with Mili-Q water, washed twice with 6 mL of 5 % methanol in water and finally eluted with 6 mL of 0.5% ammonium hydroxide in methanol and 6 mL of 0.5% acetic in methanol. The eluent was evaporated under a stream of nitrogen and diluted to 1.5 mL with 13% methanol in water. 100 ng of the ILIS mix was added during the washing step.
The pooled urine samples were firstly homogenized and then centrifuged during 20 minutes at 2500 rpm. 5 mL of the supernatant was collected, spiked with 100 ng of the ILIS mix and introduced into the HLB cartridge. Washed with 2x6 mL 5 % methanol in water, the elution was finally done with 6 mL of 0.5% ammonium hydroxide in methanol and 6 mL of 0.5% acetic in methanol. The eluent was evaporated under a stream of nitrogen and diluted to 1 mL with 13% methanol in water.
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